RGS19 inhibits Ras signaling through Nm23H1/2-mediated phosphorylation of the kinase suppressor of Ras.
Besides serving as signal terminators for G protein pathways, several regulators of G protein signaling (RGS) can also modulate cell proliferation. RGS19 has previously been shown to enhance Akt signaling despite impaired Ras signaling. The present study examines the mechanism by which RGS19 inhibits Ras signaling. In HEK293 cells stably expressing RGS19, serum-induced Ras activation and phosphorylations of Raf/MEK/ERK were significantly inhibited, while cells expressing RGS2, 4, 7, 8, 10, or 20 did not exhibit this inhibitory phenotype. Conversely, siRNA-mediated knockdown of RGS19 enabled partial recovery of serum-induced ERK phosphorylation. Interestingly, two isoforms of the tumor metastasis suppressor Nm23 (H1 and H2) were upregulated in 293/RGS19 cells. As a nucleoside diphosphate kinase, Nm23H1 can phosphorylate the kinase suppressor of Ras (KSR). Elevated levels of phosphorylated KSR were indeed detected in the nuclear fractions of 293/RGS19 cells. Co-immunoprecipitation assays revealed that Nm23H1/2 can form complexes with RGS19, Ras, or KSR. siRNA-mediated knockdown of Nm23H1/2 allowed 293/RGS19 cells to partially recover their ERK responses to serum treatment, while overexpression of Nm23H1/2 in HEK293 cells suppressed the serum-induced ERK response. This study demonstrates that expression of RGS19 can suppress Ras-mediated signaling via upregulation of Nm23.